PREFACE
This volume grew out of two SEPM-sponsored events, an SEPM Research Conference that took place in Casper, Wyoming, in 2002 (see Dalrymple, 2002 , for a synopsis of the meeting), and an SEPM Research Symposium that was held at the AAPG/SEPM Annual Meeting in 2003. Several other papers have been added to broaden the range of examples presented. The theme of the volume, "Incised Valleys in Time and Space", has been chosen because the comparison of valleys of different ages and in different settings is a valuable approach to understanding the role of the many factors that interact to create the valley and to emplace the subsequent valley-filling deposits. Each example, whether modern or ancient, represents a real-world experiment that lacks the temporal and spatial scaling issues that inhibit the application of laboratory experiments. Of course, the dependent and independent variables cannot be "controlled" in natural systems, but our ability to deduce the approximate values of these quantities (e.g., subsidence, sediment supply, climate) is increasing continually, such that semiquantitative and even quantitative estimates can be made in some cases (see Corner, Eilertsen et al., and Garrison and van den Bergh, this volume, for examples) .
Almost all of the papers in the volume discuss more than a single incised valley, comparing two or more contemporaneous valleys, or valleys of different ages in the same geographic area. Such comparisons bring similarities and differences into sharper focus than any collection of individual case studies could, and highlight the relative importance of the many factors that influence the resulting sedimentary succession. We believe that each of the papers presented here adds to our understanding of the fundamental controls on valley formation and filling; the Introduction to the Volume attempts to bring out some of the common themes.
The editors of the volume thank SEPM for the chance to bring this collection of examples together. The authors are thanked for their willingness to consider alternate interpretations, new ideas, and the many editorial suggestions provided by the reviewers and editors. All of the authors worked hard to produce a high-quality contribution. Finally, but not least, we thank the following reviewers, who devoted their time and talents to making the papers in this volume better:
INTRODUCTION
In many ways, incised valleys reflect in a condensed form the complexity of the entire stratigraphic record. This is because the formation and filling of geographically and stratigraphically isolated incised valleys is dependent on the interplay of the same set of variables that is responsible for the stratigraphic record of most alluvial, coastal, and shallow-marine deposits. Thus, valleys and their fill provide a miniature "laboratory" in which to examine how autocyclic and allocyclic processes interact to create sedimentary successions.
As is described in the Preface, this volume is based on the premise that each modern or ancient incised valley and its fill represents a natural experiment that was performed under a particular set of boundary conditions (i.e., tectonic setting, climate, sediment supply, physical and biological processes, etc.). Therefore, a careful comparison of valleys of different ages and locations should allow us to unravel the complex processresponse relationships that occur in this multidimensional dynamic system.
The purpose of this Introduction to the Volume is twofold. First, I attempt to summarize some of the common themes and major findings of the papers that make up the volume. In doing this, I make no claim of being comprehensive in my synthesis: some points that are important in the context of an individual study may not have fit well into this overview, whereas some minor points found resonance with similar points in other papers. In other words, reading this synthesis should not be a substitute for reading the excellent papers that constitute this volume. Second, I have attempted a more general review of the factors that influence the nature and location of incised valleys and their fill. I illustrate this almost exclusively with examples from this volume; I have made no attempt to cite the preexisting literature extensively, inasmuch as this has been done at considerable length by Boyd et al. (2006) .
BACKGROUND TO THE VOLUME
Incised valleys and the deposits that fill them are an established element of stratigraphic and paleoenvironmental reconstruction. Indeed, there is probably not a practicing sedimentologist or petroleum geologist who is not familiar with the standard ideas about the formation and stratigraphic organization of valley-fill deposits. This widespread knowledge of incised valleys is a relatively recent phenomenon (Fig. 1) . Although a handful of early researchers (pre-1980s) recognized the existence of paleovalleys in the stratigraphic record (see reviews in Dalrymple et al., 1994b; Boyd et al., 2006) , the literature devoted to such deposits was scattered and lacked focus until the seminal work on seismic stratigraphy (Payton et al., 1977) and sequence stratigraphy (Wilgus et al., 1988; Van Wagoner et al., 1990) focused attention on the importance of subaerial unconformities in the subdivision of the stratigraphic record. This brought valleys and their fill to public attention, and a bandwagon was set in motion, with an almost exponential growth in the number of papers on incised valleys since 1990 (Fig. 1) .
SEPM Special Publication 51 "Incised-Valley Systems: Origin and Sedimentary Sequences" (Dalrymple et al., 1994a) , which is the direct ancestor of this volume, captured the enthusiasm of the community for incised valleys during the early surge of interest and has been one of SEPM's best-selling publications. At that time, the emphasis was mainly on documenting the presence of incised valleys and on the description of the deposits filling them. Estuarine deposits were a topic of specific interest; indeed, the ability to more confidently interpret the existence of tidal and estuarine deposits (e.g., using tidal bundles, tidal rhythmites, and brackish-water trace-fossil assemblages) was a key step in the ability to identify incised-valley deposits. The first generalized facies model for incised-valley deposits (Zaitlin et al., 1994) appeared in that volume. This model, and the estuarine facies model (Dalrymple et al., 1992 ) on which it is based, were among the earliest facies models to incorporate explicitly base-level change and allocyclic factors. The recent paper by Boyd et al. (2006) provides a comprehensive review of models for estuaries and incised valleys.
Since the appearance of SEPM Special Publication 51 in 1994, many hundreds of additional studies of incised valleys and their fill (modern and ancient) have appeared (Fig. 1) . Interest in the subject has matured, and attention has shifted from a simple documentation of a valley and its fill, toward a more sophisticated examination of the factors that determine the location of valleys, the geometry of the valley, and the architecture of the valley-filling deposits. In this, the study of incised valleys is an important element of the larger effort to understand how external factors such as climate, tectonics, sediment supply, and paleogeomorphology combine to determine the stratigraphic organization of sedimentary basins. The collection of papers contained in this volume represents an additional step in this process.
Synopsis of Papers in the Volume
The collection of papers presented here spans a wide range of ages and depositional conditions (Table 1) . The majority (9 of 15) of the papers deal with Quaternary to modern systems, with the oldest deposits being Jurassic-Cretaceous in age. Most of the examples (8 of 15) are situated on passive continental margins; four examples are located in foreland basins, and the remaining three are set in more tectonically active settings, including arcrelated (Omura et al.; Pascucci et al.) and foreland piggy-backbasin settings (Wroblewski). Eleven of the 15 studies are set in areas with low to low-moderate accommodation ( (Li et al.) . In several of the examples in which the supply of fluvial sediment is low, the introduction of sediment from the seaward end (by longshore drift, tidal and shelf currents, and suspension transport) is important (e.g., Chaumillon and Weber; Payenberg et al.) . The examples in the volume also vary significantly with regard to climate (Table 1) , ranging from glacial (Corner; Eilertsen et al.), through numerous studies in areas with a humid-temperate climate, to semiarid (e.g., Tandon et al.; Wroblewski) and even subtropical (Payenberg et al.) .
With regard to paleogeographic setting, the studies reported here range from locations far inland (Pascucci et al.; Tandon et al.; Wroblewski) to those that are situated very close to the lowstand terminus of the valley (Garrison and van den Bergh; Plink-Björklund and Steel). The majority are, however, situated in areas that experienced coastal-zone sedimentation during the transgression that followed creation of the valley (Table 1) . As a result of these diverse locations, the depositional facies present within the valleys described here vary widely, from those containing only fluvial deposits (Pascucci et al.; Tandon et al.) , through those that contain a mixture of fluvial and coastal facies, to one example that is interpreted to contain only marine deposits (Payenberg et al.) .
THEMES
As the preceding synopsis indicates, the papers in the volume deal with a disparate set of examples. Despite this, it is possible to extract information from these papers bearing on two fundamental topics:
• The controls on valley incision (location and timing); and • The influence of sediment supply (relative to the rate of creation of accommodation) on the architecture of the valleyfilling succession, including the relative abundance of facies and systems tracts within the valley fill.
Controls on Valley Incision: Causes and Timing
Before reviewing the contributions of the papers in this volume, a general question needs to be addressed: is the use of "incised" and "valley" together redundant? The answer is "no". In other words, there is such a thing as a non-incised valley. If it is remembered that a valley is "an elongate subaerial depression occupied by a river", then differential tectonic movement, such as the formation of a graben, can also create a valley independent of river incision. However, such valleys do not have the same sequence-stratigraphic implications as an incised valley, so it is important to make sure that incision is demonstrated before proceeding to draw inferences. The basic criteria by which an incised valley can be recognized were articulated by Van Wagoner et al. (1990) and are reviewed at length by Boyd et al. (2006) . Consequently, they will not be discussed here.
The formation of an incised valley requires that the sedimenttransport capacity of a river exceed the load that it is actually carrying, in which case the excess energy of the river leads to FIG. 1.-Number of papers by decade that contain the term "incised valley" or some derivative (e.g., incised valleys, etc.) in the abstract or key-word list, as determined by a Georef search. This figure, which was used first by B.A. Zaitlin in a talk at the 2003 AAPG/SEPM Annual Convention (Zaitlin, 2003) and subsequently in Boyd et al. (2006) , has been updated to June 23, 2006. The rapid rise in the number of references to "incised valley" represents a "bandwagon" that was initiated with the advent of sequence stratigraphy as popularized by the volumes edited by Payton et al. (1977) and Wilgus et al. (1988) , and then fueled by the development of facies models for estuaries (Dalrymple et al., 1992) and incised valleys (Zaitlin et al., 1994) . In the Kuhn (1962) view of science, the surge of papers on incised valleys in the early 1990s could be taken to represent the development of a "paradigm", while the time since then is the "mop-up period".
erosion of its substrate. Thus, incision can be promoted by any one or a combination of the following situations:
• The slope of the river increases, such as happens when: 1) forced regression of the coast (i.e., regression during a relative sea-level fall) causes a river to encounter an area of steeper slope (e.g., the preexisting highstand shoreface or the basinmargin slope); or 2) differential uplift causes a local or regional steepening of the river profile; or
• The ratio of water discharge to sediment discharge increases, which is most likely due either to changes in the climate or to tectonic uplift or subsidence of the source area, although changes in drainage-basin area (as a result of stream capture) or to substrate erodibility (as a result of unroofing of different rock types) would also have similar affects.
The first of these factors (slope increase) is most commonly local in nature, leading to the development of a knickpoint that migrates up river. This is the primary mechanism of valley formation considered by previous workers. However, recent research on modern rivers (see review in Blum and Törnqvist, 2000) indicates that valley incision and filling can be independent of changes in slope. Instead, river degradation and aggradation may be related to changes in climate, which, in turn, cause a change in the vegetation cover and/or in the rate of erosion, which then produce a change in the sediment yield of the drainage basin. Erosion induced by such changes may, in extreme cases, occur along substantial lengths of a river system, in locations far removed from the coastline. Posamentier (2001) has referred to such behavior as "entrenchment", to differentiate it from knickpoint-related incision. Furthermore, given the complex way in which climate change and eustasy are linked, river incision driven by climate change could occur at any point in a relative sea-level cycle and not just during sea-level fall and lowstand, which is when most valleys are thought to form.
Several of the papers in this volume examine the causes of river incision. The inception of erosion at a knickpoint is documented in several of the studies, including, in particular, Garrison's and van den Bergh's examination of valleys in the Ferron "Last Chance" delta of Utah, Plint's and Wadsworth's study of valleys in the Dunvegan Formation of Alberta, and Plink-Björklund's and Steel's paper describing valleys in the Eocene succession of Svalbard. In the first, incision is initiated at the highstand shoreline in response to the onset of forced regression, whereas the third case illustrates incision occurring when the river mouth falls below the edge of the shelf. In the case of the Ferron Sandstone and Svalbard examples, incision appears to have progressed only a short distance inland, creating valleys of limited longitudinal extent (a few kilometers long), whereas the valleys in the Dunvegan Formation extend many tens to hundreds of kilometers inland from the knickpoint. The cause of this difference in fluvial response is not explicitly discussed, but may be related to the pattern of subsidence landward of the knickpoint, to the duration of the base-level fall, and/or to the simultaneous occurrence of climatically induced entrenchment.
The need for a knickpoint to initiate incision (in the absence of sediment-supply changes) is illustrated particularly well by three papers: Chaumillon and Weber, Plink-Björklund and Steel, and Simms et al. In the cases described by Chaumillon and Weber and Simms et al., the valleys do not extend to the lowstand shoreline and shelf edge. Instead, the valleys extend landward from a break in slope associated with a topographic break (e.g., a former shoreline position; Simms et al.) on the middle to outer shelf; there is little or no incision farther seaward because the river did not encounter another area of steeper slope. In the succession studied by Plink-Björklund and Steel, valleys were created only during those sea-level falls when the river mouth dropped below the shelf edge.
An increase in river slope is also the cause of incision in the case described by Pascucci et al. from the Miocene of Italy. Here, however, the change in slope was caused by regional doming associated with magmatic activity rather than by the river encountering a localized change in slope. In this example, the tectonic tilting was sufficient to reverse the courses of the rivers.
Climate change is implicated in valley incision by four of the studies reported here: Corner, Eilertsen et al., Tandon et al., and Wroblewski. The Corner and Eilertsen et al. studies describe situations in glaciated terrains where the retreat of glaciers beyond the limits of the drainage basin caused a dramatic decrease in the sediment supply, which then led to river incision. Tandon et al. in their study of modern valleys in northern India infer that incision was initiated by the intensification of the Asian monsoon following the Last Glacial Maximum. In this example, the increase in sediment supply caused by incision in upstream areas overloaded the downstream portion of the river, leading to the simultaneous occurrence of upstream degradation and downstream aggradation. Such a situation is well known to fluvial geomorphologists (e.g., Schumm et al. 1987 ) and can occur on a variety of spatial scales.
The examples of climatic control on river incision discussed above, as well as those documented by Blum and Törnqvist (2000) , all occur during a time of icehouse conditions, when dramatic climatic oscillations are known to occur. Is it possible that such large changes make climatic forcing of river incision more likely? It is interesting, therefore, that Wroblewski also deduces that changes in climate promoted the formation of valleys in the Late Jurassic and Early Cretaceous of Wyoming.
This indicates that climatic forcing cannot be discounted during periods when global climate was more equable and climatic oscillations were presumably muted. In general terms, however, climatically forced incision may be most significant in situations where erosion rates are especially sensitive to small changes in climate. This would be the case where the climatic changes bring about significant change in the amount of vegetation cover, because sediment yield from a drainage basin is strongly correlated to the abundance of vegetation (Cecil, 2003; Cecil and Dulong, 2003) .
Controls on Valley Incision: Location
If the rivers that carve incised valleys flow across a surface with any preexisting topography, they will avoid the high areas; thus, the valleys will lie in the preexisting lows. Possible reasons for the existence of such preexisting topography are:
• Erosion during a previous nondepositional episode that has not been buried during a subsequent depositional phase, leading to the reoccupation of older, unfilled valleys, creating "compound valleys" (sensu Zaitlin et al., 1994 );
• Depositional topography such as deltaic lobes that are exposed by a sea-level fall; and
• Tectonic warping or fault-generated dislocation of the surface.
The influence of tectonic features, including faults, on the location of valleys is illustrated by several papers in the volume. At the most general level, Wroblewski shows that valleys, and especially the larger valleys created by trunk rivers, occupy the axes of the tectonically active Laramide basins in Wyoming, the margins of which are being uplifted. A similar basin-center valley setting may exist in the examples described by Pascucci et al. and Tandon et al. In the later case, progressive uplift of the Himalayas and the southward migration of the axis of the foreland basin have caused the valleys to erode preferentially on their southern side, producing a southward migration of the valleys as a whole. Plint and Wadsworth argue that a forebulge was episodically present during the deposition of the Dunvegan Formation of Alberta and that it had sufficient relief (perhaps only a few meters) to deflect the rivers and cause their valleys to run parallel to the paleo-shoreline for long distances. The existence of a rectilinear network of valleys and the spatial association of straight valley segments with faults mapped in an older unit lead Plint and Wadsworth to infer that fault movement also controlled valley location; this was most evident during times of minimal flexural warping of the foreland basin when the faults were inferred to be "unlocked" and active. The spatial association of valleys and faults is also evident in the studies of Chaumillon and Weber and Menier et al., but in these cases it is not clear whether syndepositional movement of the fault created the topography that controlled the path of the river, or whether earlier fault movement juxtaposed units with very different resistance to erosion, such that the valleys lie above the more easily eroded lithology. In many of the cases where faults control valley location, the planform network of valleys is rectilinear, with rightangle bends occurring at the intersections of faults.
The link with tectonism is perhaps most pronounced in the study reported by Rossetti. During the late Mesozoic and Cenozoic, the Brazilian coastal region experienced episodic faulting in a low-accommodation setting. As a result, the valleys followed grabens, with valleys of various ages superimposed on each other. In more detail, there are a variety of smaller-scale features, including fault offset of the basal unconformity and various softsediment deformation structures within the valley fill, that are attributed to earthquake-induced liquefaction, implying that tectonic movements were synchronous with valley formation and filling.
In the case of the Chaumillon and Weber, Menier et al., and Rossetti studies, the influence of faulting on the location of valleys is obvious, whereas the control of faulting on valley location is much less so in the case of the Dunvegan Formation (Plint and Wadsworth). In general, the extent of fault control may be correlated with the intensity of fault movement, with highly active faults having more influence than faults that move slowly and infrequently. The amount of fault-produced relief that is created will also be dependent on the duration of the unconformity: the longer the time interval available for fault movement without burial by newly deposited sediment, the greater will be the relief at the earth's surface. Thus, valleys on low-order unconformities (i.e., first-order and second-order sequence boundaries; sensu Mitchum and Van Wagoner, 1991) are more likely to be controlled by faults than valleys on high-order (shorter-duration) unconformities. In addition, the extent to which valley location is influenced by faulting is likely to depend on the sediment supply and the general accommodation regime. In areas of low accommodation and low rates of sediment supply, the local relief generated by faults does not become buried and can exert direct control on the rivers. On the other hand, fault offsets in areas where there is sufficient accommodation and sediment supply are more likely to be buried quickly, such that little relief is created and the influence of the fault control is subtle. This is the case in the area studied by Plint and Wadsworth.
Controls on Valley Shape
Only a small number of the studies in the volume consider in detail the shape of the valley. Chaumillon and Weber, and Menier et al. document very complex valley shapes, with significant topographic undulations of the thalweg depth (up to 80% of the total incision depth) that locally produce slopes that dip landward steeply. Several causes are identified for these irregularities (cf. Ardies et al., 2002 ):
• topographic relief on the sequence boundary, as a result of differential resistance to erosion, that focuses river flow (as well as tidal currents during the subsequent transgression) and causes localized scour at constrictions;
• localized scour at valley confluences and the outsides of bends;
• localized scour at the intersection of two faults; and
• active fault movement that offsets the valley base at a later time.
Simms et al. examines the cross-sectional shape of several Late Quaternary valleys and notes two end members in a spectrum of shapes: valleys with a simple U-shaped or V-shaped cross section, and valleys with complex terraced profiles, commonly with a V-shaped central depression. They attribute this difference to the length of time that the river occupied the valley: valleys with complex cross sections were occupied by the river throughout the falling stage (cf. Blum, 1994) , whereas simple cross sections are produced by rivers that occupied the valley for only a relatively short time. The later situation was favored by rivers with larger sediment loads that had a higher probability of avulsing in areas landward of the knickpoint. Such rivers may have produced several valleys during a single lowstand.
Controls on Valley-Fill Facies and Architecture
As already noted, the facies constituting the valley fills described in this volume are very diverse, ranging from fluvial conglomerates and debris flows to fine-grained coastal and marine deposits (Table 1 ). All of the examples reported here, with the exception of the very proximal valleys described by Pascucci et al., show clear systematic vertical changes in facies that allowed the deposits to be partitioned into systems tracts. As might be expected, the initial stages of filling in all but two of the case studies took place during lowstand-systems-tract (LST) time, but most of the fill was deposited as base level rose: this caused a wave of sedimentation (fluvial followed by coastal and marine in most cases) to migrate up the valley. This generated an overall upward-fining succession (because of the seaward fining of grain size) that can be assigned to the transgressive systems tract (TST). In some cases, these deposits are overlain by a progradational succession that is assigned to the ensuing highstand systems tract (HST). This organization is basically similar to that described in the model of Zaitlin et al. (1994) . However, the proportion of the valley fill composed of fluvial, coastal, and marine deposits, or of the LST, TST, and HST, varies widely between the examples.
Like any other sedimentary system, the relative abundance of facies and systems tracts present within a valley fill (i.e., the architecture of the fill) depends on several factors:
• the position of the study area relative to the trajectory of the shoreline during filling of the valley (i.e., near the lowstand mouth versus inland of the transgressive limit);
• the interplay of accommodation and fluvial sediment supply, which are themselves a function of many other external variables, including the rate of eustatic sea-level change, the rate of subsidence or uplift, the size of the drainage basin, and climate; and
• the rate of shoreline transgression, which is a function of the ratio of accommodation to sediment supply and the slope of the surface being transgressed (flat slopes enable faster transgression than a steeper slope, all else being equal).
As the rate of supply of fluvial sediment (relative to the rate of creation of accommodation) increases and/or the rate of transgression decreases, any given location along the length of the valley remains within a given depositional environment (e.g., fluvial or estuarine) for longer and the resulting deposits of that environment are thicker than in situations where the rate of transgression is high and/or the rate of fluvial supply is low. Several of the authors in this volume, and especially Li et al. and Simms et al., note that the valley-fill model of Zaitlin et al. (1994) depicts a situation with low rates of fluvial sediment supply and/ or rapid rates of transgression, an interpretation that follows because the basal fluvial deposits are shown to be thin. By contrast, the examples described by Li et al. and Simms et al. (see also Garrison and van den Bergh, Omura et al., and PlinkBjörklund and Steel) contain thick fluvial successions in the base of the valley. In many of the cases documented in Simms et al., for example, the lowstand and transgressive fluvial deposits completely fill the valley. These authors suggest that the term "overfilled" be applied to such situations and propose that it represents an end member in a spectrum of valley-fill successions, with the Zaitlin et al. (1994) model lying close to the other end of the range. Garrison and van den Bergh also use the term "overfilled" but in a different way than Simms et al. In the Garrison and van den Bergh usage, "overfilled" refers to the situation when the depositional surface rises above the level of the interfluves. Thus, a valley can become "overfilled" during lowstand, transgressive, or highstand systems-tract time, depending on the interplay of the factors discussed above.
Several of the examples (Table 1) contain progradational deltaic deposits within the valley. Most of these deltaic sediments are highstand deposits, formed prior to or during the subsequent sea-level fall. The most significant of these is provided by the Li et al. examination of a variety of Chinese examples, including the valley occupied by the Changjiang River. As depicted in the Zaitlin et al. (1994) model, such highstand deltas evolve from bayhead deltas; all stages of this transition are represented in the various studies in this volume. Episodic progradation of bayhead deltas during the overall transgressive phase of valley filling (i.e., retrogradationally stacked deltaic bodies) are present in the examples described by Garrison and van den Bergh; a wavedominated estuary that has been filled by progradation of the bayhead delta is illustrated by Omura et al.; whereas Li et al. and Plink-Björklund and Steel describe deltas that prograde up and out of their underlying valley during early highstand time. The proglacial deltas described by Corner and Eilertsen et al. provide useful examples because the sedimentary response to changes in accommodation and sediment supply can be examined in a quantitative framework.
While the systems discussed in the preceding paragraph represent examples with moderate to high rates of sediment delivery, several of the examples in the volume (e.g., Chaumillon and Weber; Menier et al.; Payenberg et al.) describe situations with very low rates of fluvial sediment supply. In these examples, the supply of sediment by marine processes is volumetrically more important than the supply by rivers. The Chaumillon and Weber, and Payenberg et al. papers describe interesting situations in which sand supplied by longshore drift is a significant contributor to valley filling. In both of these cases, sand fills the valley from the updrift side, producing large-scale inclined stratification that might be misinterpreted as deltaic, but for the scarcity of mud and the cross-valley orientation.
The Chaumillon and Weber example is particularly instructive because it demonstrates how two adjacent valleys can have very different sediment supplies. The northern valley is the first sediment sink at the downstream end of a long, uninterrupted longshore-drift system and hence receives significant amounts of sand. By comparison, the next valley downdrift receives very little sand and, instead, imports mud that is escaping from the Gironde estuary to the south. Thus, despite their proximity to each other, these two valleys have very different fills because of their different sources. (A terrestrial counterpart of this is provided by valleys that drain different source areas, such as the piedmont and coastal-plain rivers (cf. Zaitlin et al., 1994) , the former draining a more mountainous hinterland, whereas the latter drain only low-lying areas. Comparable differences in the nature of the valley fill could also exist between tributary and trunk valleys. No examples of these situations are provided in this volume).
In addition to such spatial variability in the nature of the valley fills, temporal changes should also be expected, even during the filling of a single valley. For example, there may be semi-predictable changes in the ratio of accommodation to sediment supply over the course of a relative sea-level cycle that will cause changes in the valley-fill architecture along the length of the valley. Thus, the slow rates of relative sea-level rise that occur during sea-level lowstand and highstand tend to promote a more aggradational style of valley filling near the lowstand mouth of the valley (cf. Garrison and van den Bergh; Plink-Björklund and Steel) and at the location of the initial highstand shoreline (cf. Li et al.) . Intermediate positions experience more rapid rates of sealevel rise and transgression, leading to a more pronounced retrogradational stacking of the valley-filling deposits. Systematic changes in climate over a sea-level cycle might also produce changes in the rate of fluvial sediment supply. One should not expect valley fills to be similar along the entire length of a valley.
A FEW WORDS ABOUT ESTUARIES
As in many other published examples of incised-valley deposits, estuarine sediments are an important constituent of many of the valley fills described here (Table 1) . Therefore, a brief discussion on the definitions of "estuary" and "estuarine" is in order.
As discussed at greater length in Boyd et al. (2006) , there are two coexisting definitions of estuary, both of which have legitimate uses:
• the oceanographic, salinity-based definition of Pritchard (1967) , in which any semi-enclosed coastal embayment with brackish water is an estuary; and
• the geologic definition of Dalrymple et al. (1992) , which is based on the physical processes operating in the fluvialmarine transition and the existence of a landward migration of facies (i.e., a transgression).
While many coastal depositional systems and their deposits fit both definitions simultaneously, the two definitions are not equivalent, and it is possible for a depositional system to be an estuary according to one definition but not the other. Thus, the distributary channels of deltas, where a delta is typically considered to be a prograding sediment accumulation at the mouth of a river, are said by physical oceanographers to have "estuarine" depositional conditions (sensu Pritchard, 1967) because of the mixing of fresh and salt water, even though the system as a whole is progradational. Indeed, "estuarine circulation" (cf. Dyer, 1995; Dalrymple and Choi, 2003) describes how fresh water and salt water mix, irrespective of whether the system is transgressive or regressive, and thus occurs in both estuaries and deltas (sensu Dalrymple et al., 1992, and .
The need to distinguish between the two definitions of estuary is most acute in the interpretation of ancient sedimentary successions: incorrect environmental and sequence-stratigraphic interpretations are possible if the distinction is not kept clearly in mind. A particularly common problem arises through the use of ichnological criteria (e.g., the presence of an improverished assemblage of (commonly) diminutive traces; Wightman et al., 1987; Pemberton et al., 2001) to infer the existence of brackish-water depositional conditions. It is then a short and logical step to deduce that the deposits in question are "estuarine" (sensu Pritchard, 1967) , even though the existence of a semi-enclosed embayment (an important part of the Pritchard definition) may not have been demonstrated. Once the term "estuary" has been applied to the deposits, it is then a short step to infer (correctly or incorrectly) the existence of an incised valley, a transgressive stacking pattern, and/or the presence of an underlying sequence boundary, all of which are implicit or explicit in the Dalrymple et al. (1992) definition of estuary. Such inadvertent and perhaps unconscious switching between the two definitions is sloppy science, and there are probably deltaic distributary channels that have been misidentified as incised valleys using this flawed logic. Readers are again referred to Boyd et al. (2006) for a detailed discussion of the criteria for recognizing an incised valley.
There are at least two solutions to such problems: (1) use only one definition and stick with it rigorously throughout an entire study; or (2) avoid jumping to an interpretation and do not use the term "estuary" until late in a study, after the paleo-salinity, the facies stacking pattern, and the paleogeography of the environment have been determined. Then the choice of which definition is most useful can be made with full knowledge of the system. The use of the term "brackish-water" in place of "estuarine" is much preferred because it is less ambiguous and more precisely describes the depositional conditions without making inferences about the paleogeographic setting. Note that brackish water can occur in a geographically unconfined setting such as a delta front and prodelta that should not be considered "estuarine" using either definition.
Furthermore, the original geological definition of estuary proposed by Dalrymple et al. (1992) appears now to have been too restrictive. In that definition, an estuary was explicitly stated to lie within a valley; hence, many subsequent workers have deduced the existence of a valley and an underlying sequence boundary on the basis of the presence of interpreted estuarine deposits. Estuaries (sensu Dalrymple et al., 1992) are indeed common within valleys, but the presence of a valley is not as fundamental a criterion as other aspects of the definition. Instead, the direction(s) of sand transport and the facies stacking pattern are much more important criteria. From a hydrodynamic point of view, the essential aspect of a coastal system (as a whole) is the direction(s) of net sediment transport. Thus, a system that is ebb-dominated (i.e., there is a net export of fluvial sediment to the sea-the system is "export dominated") is considered to be a delta, whereas a system, the seaward part of which is flood-dominated (i.e., there is a net import of sediment from the sea by means of waves and/or tidal currents-the system is "import dominated"), is an estuary. This distinction, in turn, is related to the existence, or not, of unfilled accommodation space landward of the coastline: if there is no unfilled space, then fluvial sediment must be transported to the sea, creating a delta, whereas the existence of unfilled space leads to the import of sediment from the sea, a fundamental aspect of the definition of estuary sensu Dalrymple et al. (1992) . Furthermore, the creation of the unfilled space is almost always associated with relative sea-level rise and transgression. Thus, the cooccurrence of landward sediment transport and transgression is a fundamental association that is restricted to estuaries (sensu Dalrymple et al., 1992) .
It is obvious that unfilled space exists within drowned river valleys, but unfilled space (and, by extension, landward transport of sediment and the existence of estuaries) can also exist in other settings. Perhaps the most common of these is the abandoned portion of a delta plain, where compactional subsidence creates accommodation space and transgression. By this line of reasoning, the transgressive parts of delta plains are estuaries, despite the absence of a valley and an underlying sequence boundary. Thus, it is proposed that the Dalrymple et al. (1992) definition of estuary be modified to remove the original reference to drowned valleys. The proposed new definition is:
"an estuary is a transgressive coastal environment at the mouth of a river, that receives sediment from both fluvial and marine sources, and that contains facies influenced by tide, wave and fluvial processes. The estuary is considered to extend from the landward limit of tidal facies at its head to the seaward limit of coastal facies at its mouth".
Among the various descriptions of estuarine deposits in this volume, several points stand out. The first is the documentation of tide-dominated estuarine successions by Plink-Björklund and Steel. This is notable, not only because there are relatively few well-documented examples of such deposits, but also because of the way these authors utilize the concept of two sediment sources (fluvial and marine) to infer that these deposits are estuarine (sensu Dalrymple et al., 1992) rather than a delta, which might contain very similar facies. Both Chaumillon and Weber, and Menier et al. describe mixed-energy estuaries (systems with significant influence from both waves and tidal currents). Such systems are probably more common than the relatively simple wave-or tide-dominated end members that are the basis of the existing estuarine facies models (Dalrymple et al., 1992) and thus deserve careful attention. The complexity of the facies organizations that are described serves as a warning against taking an overly simplistic view of such environments. Finally, the Omura et al. study provides an example of an almost archetypal wavedominated estuary, focusing on the muddy central-basin and bayhead-delta portions of the system. This study also demonstrates the mixing of fluvial and marine material, in this case focusing on the organic matter in the succession, and shows the importance of such estuaries as a possible hydrocarbon source.
CONCLUDING REMARKS
This volume demonstrates that interest in incised valleys remains high and much good work is being done on the subject. This sub-discipline would seem to be in a "consolidation" or "mopping-up" phase (cf. Kuhn, 1962;  Fig. 1 ). The initial, enthusiastic, "look I've got one too" attitude that characterized SEPM Special Publication 51 has passed, and people are starting to realize the enormous diversity of valley sizes, shapes, settings, and infilling facies. As a result, some of the early facies models are being questioned, which is a healthy development. It is not yet clear where the next significant development will occur, but it is obvious that looking for structural control on valley location is a topic of great interest at the moment, with the potential to give predictive capability to the exploration for incised-valley hydrocarbon reservoirs. Significant opportunities seem to remain in the area of visualizing and/or reconstructing larger valley networks and in looking at how one's location within the larger network influences the valley fill (through its control on the many factors that influence sedimentation). Additional comparative studies such as those provided in this volume should assist in fleshing out the multidimensional set of possible valley-fill successions.
